Abstract
Introduction
The population of the world is ageing, with estimates that there will be almost 2 billion people over the age of 60 years by 2050, 1 and the consequences of this are being felt in healthcare systems. Two-thirds of UK acute hospital admissions are over the age of 65, 2 and serious head injury among patients 70 years and over is associated with high mortality. 3 Subdural haematomas are four times larger in the elderly and produce twice the mass effect, when compared to younger patients. 4 Indeed, in their series, found that there were no satisfactory outcomes for head injury patients over the age of 80 with an initial GCS under 13, and that all those with an initial GCS under 11 were either dead, vegetative or required full nursing care upon discharge. 5 We aimed to describe the characteristics and outcomes of elderly patients admitted to our neurosurgical unit. Factors related to complications and mortality are also analysed, in order to inform future decision-making. The term "elderly" is variably defined, but for the purposes of this study, a cut-off age of 75 years was used.
Material and methods
A retrospective review was undertaken of the medical records and imaging of all patients aged 75 and over, admitted for at least one night to the South West Neurosurgery Centre, UK, from January 1 st 2007 to December 31 st 2010. A minimum of 2 years' mortality data, up to 31 st December 2012, was extracted from the Demographics Batch Service and the national NHS Spine database. A description of the methods used, and data collected for the entire cohort is described elsewhere. 6 Patients were included in this study if they were admitted with a head injury, as determined by history, physical examination or radiological examination. Diagnoses were categorised into the main finding on preliminary imaging, but where the imaging could not be seen, the diagnosis used by the admitting neurosurgeon in the medical records was used. Scans were reviewed and measurements made by the primary author (KW). Independent variables included gender, age, preliminary diagnosis, admission Glasgow Coma Score (GCS, categorised as severe, moderate or mild), length of anaesthetic for those who underwent operation, type of operation, American Society of Anesthesiologists score (ASA, categorised into groups 1 -3 and 4-5, due to low numbers of the lower grades), smoking status, side of spaceoccupying lesion, anticoagulation, maximum depth of haematoma (measured as the maximum depth on axial CT), and midline shift (measured as the maximum distance of the falx cerebri from a line joining the internal occipital protruberance and the frontal crest).
Outcomes included discharge GCS (categorised as "mild head injury" at GCS 13-15, "moderate" 9-12 and "severe" 3-8), Glasgow Outcome Score (GOS, with poor/unsatisfactory outcome classified as GOS 1, 2 or 3; and satisfactory as 4 or 5), death as inpatient, death by 30 days, death by one year post-admission, recurrence, readmission, reoperation and complication. For normally-distributed data, mean and standard deviation were used for descriptive purposes, for data that was not normally-distributed, medians and ranges were used. Statistical significance was set at 5%. Statistical analysis was performed using SPSS Statistics 22.
To compare characteristics, chi-squared tests were used. In order to find which independent variables predicted outcomes, multiple logistic regression was used.
Results

Patient characteristics
A total of 886 elderly patients were admitted during the four year study period, of which 877 sets of medical records were available to review. The characteristics of the whole cohort are described elsewhere. 6 263 patients had sustained a head injury.
Of these, 255 scans could be reviewed and diagnoses confirmed; for the remaining eight patients, the diagnoses documented in the notes were relied upon. The median age at admission was 82 years (range 75 -97 years, SD 5.16). 81 patients were female, 182 were male. Figure 1 shows the ages of all patients included in this study. 
Diagnostic Categories
Patients were divided into eight categories, based upon the predominant aspect on initial imaging (usually computerised tomography [CT]). 26 patients were admitted with acute subdural haematoma; 175 with chronic subdural haematoma; and 46 with mixed subdural collections, or acute-on-chronic subdural haematomas. Six patients predominantly had contusional brain injury, two skull fractures, four traumatic subarachnoid bleeds, two extradural haematomas and two foreign objects breaching the cranial vault.
Subdural haematomas
Subdural haematoma was by far the most common diagnosis of all the head injuries. Unless otherwise stated, numbers are expressed as median (range). * = NB. some patients had more than one complication, and so may be counted twice in the complication section
Death
No patient with ASDH over 90 years old survived admission (N=3). Of eight patients with ASDH that were admitted with a GCS under 10, only one survived. However, patients with CSDHs and mixed-density subdurals, with presenting GCS as low as 3, Of those patients with acute subdural haematoma that had died, eight had documented causes of death within their notes. All these deaths were attributable to their subdural haemorrhage, although for one the primary cause was bronchopneumonia, with subdural haematoma secondary. One patient that died did not undergo active intervention after discussion with relatives, who felt it would not be in the best interests of the patient.
For the mixed-density subdurals, four had documented causes of death. As inpatients, two had bronchopneumonia related to subdural haematoma; one died of hypoxic brain injury. 79 days after discharge one patient died of bronchopneumonia secondary to CVE.
Eight patients with chronic subdural haematomas died in hospital. Three died of complicating pneumonia (one of which was due to MRSA), one died of coronary artery thrombosis, one sepsis, one of mitral regurgitation, one breast cancer, and one cerebral infarction.
Poor discharge outcome
Unsatisfactory GOS (1 to 3) was predicted by age over 85 (for ages 85 -89 OR 3.63, 95% CI 1.14 -11.57, p=0.029), and more so by age over 90 (OR 10.49, 95% CI 2.72 -40.37; p=0.001). It was also significantly associated with larger depth of subdural (p<0.001) and the occurrence of a complication (OR 3.24, 95% CI 1.49 -7.04; p=0.003).
Other outcomes
Recurrence was significantly predicted only by bilateral site of subdural haematoma (OR 4.59, 95% CI 1.36 -15.54; p=0.014). This also was the only variable to predict reoperation (OR 4.38, 95% CI 1.44 -13.37; p=0.009). No variables were found to predict readmission to the neurosurgical unit.
There were significantly more complications for those patients that underwent craniotomy or minicraniotomy, compared to burrholes (OR 4.02, 95% CI 1.64 -9.84; p=0.002).
Other diagnoses
Four patients were admitted with predominantly traumatic subarachnoid haemorrhage. Two were GCS 15 on admission, and one GCS 12, all had "satisfactory" outcome, based upon GOS. One was GCS 3 on admission, after a seizure, and died of a myocardial infarction. None required operation.
Six patients were admitted that primarily had contusional injury. Three were GCS 15 on admission and discharge, all with satisfactory outcomes. One patient was GCS 9 on admission, and died nine days later. None underwent operation.
Two patients were admitted with extradural haematomas. One had a maximum axial depth of 0.6cm, the other 2.0cms. Admission GCS were 13 and 14, respectively. The 2cm extradural haematoma was evacuated on the day of admission. Both patients had a satisfactory discharge outcome, and died two and three years after discharge, respectively.
Two patients were admitted with a piercing foreign object in their cranium. One was due to falling on the foot piece of their wheelchair, which became embedded in the skull. They were GCS 14 on admission, underwent removal on the day of admission, but died four days later. The other patient had a garage door fall on their head, and was GCS 10 on admission and discharge, with a poor outcome (GOS 3). This patient was also operated upon on the day of admission.
Two patients were admitted with skull fractures, one to the frontal sinus and one occipital. Both were GCS 15 on admission and discharge, with satisfactory discharge GOS. Neither required operation, but were observed for eighteen and nine days, respectively.
Discussion
This study identified 263 patients, aged 75 years and over, that were admitted to a regional neurosurgery unit with head injury, over a period of four years. As may be expected by those in the field, the majority had sustained subdural haematomas, with 175 at a chronic stage, 26 acutely presenting, and 46 appearing acute-onchronic. Other diagnoses consisted of 6 predominantly contusional injury, 2 fractures, 4 traumatic subarachnoid haemorrhages, 2 extradural haemorrhages, and 2 piercing foreign bodies.
In the past, there has been some reluctance about treating elderly patients with head trauma. Maurice-Williams extols the virtues of treating elderly patients that are otherwise fit, except in emergency surgery 7 , especially head injury 8 . Mohindra et al from India (2008) found that the elderly do poorly after severe head injuries and have a 66% mortality rate, whereas in younger patients, mortality is only 28%. 9 Munro et al (2002) found that rates of survival and transfer to specialist neurosurgical care were significantly lower for those aged 65 and over with acute, traumatic intracranial haematomas, independent of extracranial injuries, measures of physiological status and haematoma size. 10 The elderly were also less likely to have CT scan within 6 hours of arrival in the emergency department. However, 77% of the elderly that underwent neurosurgery survived, with a longer duration of admission than the younger cohort. They commented that "It is possible... that doctors' concerns over functional outcomes and survival rates in past studies may have produced a degree of scepticism over the worth of treating older patients with head injuries."
The patients in our cohort seem to fare better, with the inpatient mortality rate for subdural haematomas at only 7.7%, and a 25% mortality rate by one year. Threequarters of patients had a good outcome at discharge. Those with acute subdural haematomas had significantly worse outcome in terms of death, with 57.6% dead by one year, 38.5% of which died as inpatients. Only 42.1% had a good outcome at discharge.
Perhaps, those at the extremes of age, or that have a lower admission GCS, are more likely to have a poor outcome? 11 found that there were no satisfactory outcomes for head injury patients over the age of 80 with an initial GCS under 13, however, this was not reflected in our data, where 13/27 of subdural haematoma patients with a presenting GCS under 13 had a good outcome. However, only one of five patients aged over 89 with a presenting GCS under 13 had a good outcome at discharge, two dying as inpatients. Ritchie also found that all those with an initial GCS under 11 were either dead, vegetative or required full nursing care upon discharge, but 16 of 34 subdural haematoma patients that met this criterion in our series had a "good" GOS.
However, all patients with ASDH aged over 90 died during admission, and only 1 of 10 over the age of 90 with a presentation GCS under 10, survived, with an outcome of moderate disability.
In fact, for all subdurals, the only predictor of early death, as an inpatient or by 30 days, was ASA grade. GCS did not predict this, although in the longer term, a moderate/severe head injury as determined by GCS did predict death within one year, as did longer anaesthetic time and the presence of bilateral haematomas.
For those for whom death certification was available, we found that those with acute subdurals died from their injury, however those who died after chronic subdural haematomas died of other medical conditions. Perhaps this is because their injury, which seems relatively well-tolerated otherwise, and the consequent stay in hospital, are insults that push the physiologically vulnerable too far.
There were small numbers of patients admitted with other traumatic head injuries, and generally, those with a GCS of 10 or under had a poor outcome, with three of four dying as an inpatient.
For those with subdural haematoma, the only outcome that was predicted by advanced age, over 85 years old, was poor GOS at discharge. This was also associated with larger subdural haematomas, possibly due to compression of the underlying brain resulting in neurological deficits; and the occurrence of a complication, with the potential extra issues or disabilities they may incur, independent of the presenting diagnosis.
Recurrence and need for reoperation were predicted by bilateral location of subdural haematomas, identifying a group that particularly may require more precision and thoroughness during their original operation and post-operative care to avoid these. In Ritchie's series, there was a 5.4% complication rate, and 9.8% recurrence. Our complication rate in patients with subdural haematoma was higher, at 15.7%, excluding the 13.7% reaccumulation rate. It may be that this rate is higher due to a lower threshold of inclusion, for example urinary tract infections and seizures were included in our data collection. Mori and Maeda (2001) found that most of their patients with subdural haematomas presented with gait disturbance (63%) and hemiparesis (58.6%). Hemiparesis was the most common main presentation within our cohort (38.5%), followed by confusion (27.5%) and unsteadiness (8.9%). 12 We found that patients with acute subdural haematomas were more likely to have left-sided haematomas. This may be because the left side is the more eloquent side in the majority of people, and thus a similar degree of compression on this side of the brain may result in more symptoms in the acute phase.
Anticoagulation has also been a deterring factor, when considering treatment of the elderly. Coagulopathy was more likely to confer poor outcome in Mori's series (2001), 12 and although 69.2% of subdural haematoma patients were on some form of anticoagulant or antiplatelet medication, this did not seem to lead to any negative outcomes. Karni et al found that 5.8% of patients over the age of 65 years that presented with intracranial haematoma due to trauma, had raised INR due to warfarin therapy. There was a 50% 30-day mortality rate. 13 21.4% of our patients with subdural haematoma were on warfarin at admission, with only 13.2% of those dying within 30 days. These improved figures may have been related to the approach we take with those patients on anticoagulant and antiplatelet medication.
All those on warfarin that are operated upon in an emergency situation have their anticoagulant state reversed using vitamin K and prothrombin complex concentrate, and all those on antiplatelet medication (for example, aspirin or clopidogrel) receive a unit of platelets at anaesthetic induction. For patients on antiplatelet medications with chronic subdural haematomas that have only minor, subtle symptoms, we postpone operating for 5 -7 days until the antiplatelet effects have worn off, operating in a more urgent fashion if the patient's symptoms progress, with platelet cover at anaesthetic induction.
The main limitation of this study is that it concerns only those patients that were admitted to our neurosurgical unit, not all those that were referred. There is therefore an inherent selection bias, those patients that are considered too unwell, or even too old, by the consultant on-call, are not included here. This means that the above results apply to those patients that are thought to be well enough to benefit from neurosurgical management. The retrospective nature means that unfortunately not all scans could be seen and diagnoses verified.
Conclusion
As stated by Chibbaro et al (2011) , it is likely that there has been a slow evolution in the experience and attitudes of many neurosurgeons, to increasingly consider active, operative management in the treatment of the elderly with head injuries. 14 The elderly population is extremely diverse, in terms of health, with some surviving into their eighties, independent, with few co-morbidities. Neurosurgeons are seeing increasing proportions of patients referred and treated in their units. 6, 7 We found no particular age cut-off above which all patients that require admission to a neurosurgical unit do poorly, except for the small number of those aged over 90 with ASDH, all of which died. Generally, all patients with ASDH performed quite poorly.
All patients over 90 years old with a GCS under 10 had poor outcomes, and so there should be significant consideration about the benefits of treating these groups of patients. Bilateral subdural haematomas are more likely to recur and require operation, and so special care and attention should be undertaken in managing these patients.
Highlights
 Most patients are admitted with subdural haematoma, especially chronic haematoma  Inpatient mortality rate was 7.7%, one year mortality rate was 25%  Those with acute subdural haematomas had a significantly lower survival rate  Only 1 of 8 patients with acute subdural haematoma and GCS <10 survived  Poor outcome was predicted by age over 85, but death and complications were not
